steopontin is an adhesion molecule that was first identified in bone tissue, 1 and it has been demonstrated that cardiomyocytes are an important source of osteopontin in left ventricular (LV) hypertrophy in both humans and rodents. 2 Interestingly, Singh et al showed that osteopontin is dramatically increased in the LV myocardium of a heart failure (HF) model in rats, after transition from LV hypertrophy to HF. 3 Furthermore, in a genetic animal model of dilated cardiomyopathy, 4 inflammatory cells express osteopontin, indicating a potential role for osteopontin during inflammatory processes in the heart. The plasma level of osteopontin was reported to be correlated with echocardiographic findings in the population of the Framingham Heart Study 5 and it has been reported that plasma osteopontin levels are elevated in patients with not only unstable angina but also acute myocardial infarction. 6, 7 Plasma osteopontin levels change time-dependently and the changes are correlated with LV volume and function in patients with acute myocardial infarction. 7 Osteopontin has been reported to be released from the heart into the coronary circulation in proportion to LV systolic function and
volumes in patients with a previous anterior wall myocardial infarction. 8 Thus, osteopontin is associated with HF in both humans and animal models.
Osteopontin is abundantly produced in the early stage of T-cell and macrophage activation and is expressed by T cells and macrophages. 9 Functional studies have shown that osteopontin supports T-cell and macrophage chemotaxis and can costimulate T-cell proliferation. [10] [11] [12] Yndestad et al have shown that the systemic inflammatory response in patients with HF, as assessed by enhanced expression of inflammatory cytokines in peripheral blood mononuclear cells, reflects T-cell and not monocyte activation. 13 Satoh et al have reported that the subpopulation of cytokineexpressing CD4 + T cell is larger in patients with symptomatic HF than in those with asymptomatic subjects. 14 Thus, expression of osteopontin and T-cell activation in the heart play an important role in HF. In the present study, we investigated whether the plasma osteopontin level or osteopontinexpressing T cells was a clinically useful marker for HF.
Methods

Study Population
The study population consisted of 93 consecutive patients with heart disease (65 men, 28 women; mean age 68±10 years) between January 2004 and July 2006. The diagnosis of heart disease was based on the patient's clinical history, physical examination, electrocardiogram (ECG), chest X-ray, echocardiogram, left ventriculogram, and coronary angiogram. Patients in New York Heart Association Circ J 2007; 71: 1879 -1884 (Received June 10, 2007 ; revised manuscript received August 1, 2007;  accepted August 7, 2007 Yasuharu Nishimura, MD**; Hisao Ogawa, MD* Background T cells in peripheral blood reflect the systemic inflammatory response in patients with heart failure (HF). In a rat model of HF, osteopontin is dramatically increased in the left ventricular myocardium, so the association between osteopontin and HF was examined in the present study.
Methods and Results
Peripheral blood was collected from 93 patients with heart disease and 38 controls. Left ventricular ejection fraction (LVEF) was calculated using a modified Simpson's rule. The 93 patients were classified into 3 classes according to the New York Heart Association (NYHA) functional classification. Osteopontinexpressing CD4 + T cells were quantified by flow cytometry. Plasma osteopontin levels (ng/ml) and the frequencies of osteopontin-expressing CD4 + T cells (%) were higher in patients with HF than in controls (800±554, 575±229, p=0.016 and 27.3±12.2, 16.7±10.0, p<0.001). Furthermore, the plasma osteopontin levels and the frequencies of osteopontin-expressing CD4 + T cells increased in proportion to the severity of the NYHA functional class. (NYHA) functional class I had cardiac disease that did not limit physical activity, such that ordinary physical activity did not cause undue fatigue, palpitation, dyspnea, or anginal pain. The remaining patients were symptomatic for HF. Patients in NYHA functional class III/IV had significant clinical findings (eg, edema, S3, pulmonary congestion). The cause of heart disease was idiopathic dilated cardiomyopathy in 27 patients, hypertrophic cardiomyopathy in 6, old myocardial infarction in 35, hypertensive heart disease in 8, valvular heart disease in 15, and congenital heart disease in 2. Patients with malignant disease, lung disease, renal failure, collagen disease, liver dysfunction, and other inflammatory diseases were excluded. The NYHA functional classification was evaluated at the time of admission. LV ejection fraction (LVEF) was also measured by Simpson's rule, using echocardiography. We also included 38 controls without heart disease (28 men, 10 women, mean age 65±13 years) who were agematched with the patients. All of the controls underwent diagnostic cardiac catheterization because they had a history of chest pain with multiple risk factors or an ECG abnormality. However, their coronary angiograms revealed no evidence of coronary stenosis or coronary spasm after intracoronary injection of acetylcholine. Written informed consent was given by all subjects before the study. The study was in agreement with the guidelines approved by the institutional ethics committee.
Blood Samples
Blood samples were obtained from all patients while they were recumbent, using a 21-gauge needle for clean puncture of an antecubital vein. The first 5 ml of blood was used for biochemical assessment, including high-sensitivity Creactive protein (hs-CRP) and brain natriuretic peptide (BNP). Subsequently, 3 ml was collected sequentially into evacuated tubes containing 0.3 ml of EDTA for cytometric analysis of osteopontin expression and plasma osteopontin levels.
Echocardiography
Two-dimensional and Doppler echocardiographies were performed by the same experienced sonographer using a Vingmed Vivid FiVe System (GE Vingmed, Milwaukee, WI, USA) using a 2.5-MHz phased-array transducer. The images were recorded on videotape and analyzed offline. LV diastolic and systolic dimensions were measured from standard M-mode measurements as recommended by the American Society of Echocardiography. 15 Biplane end-diastolic and end-systolic volumes and LVEF were calculated using a modified Simpson's rule and computer-assisted planimetry. 16 
Flow Cytometric Analysis for Cytokine Expression (Osteopontin)
A 1.5-ml blood sample containing EDTA was immediately mixed with 1.5 ml of medium [10% FCS-supplemented RPMI1640 with 40 mg/ml Brefeldin A (Sigma, St Louis, MO, USA)] and then incubated for 24 h at 37°C and 5% CO2. After washing with ice-cold PBS, cells were recovered by centrifugation and adjusted to 5×10 5 white blood cells per test. The fixation and permiabilization of cells were both performed using IntraPrep™ reagent (Beckman Coulter, High Wycombe, UK). The cells were successively stained with anti-human osteopontin monoclonal antibody (Immuno- Biological Laboratories, Fujioka, Japan), PE-labeled antimouse IGg antibody (BD Pharmingen, San Diego, CA, USA), and FITC-labeled anti-human CD4 antibody (BD Pharmingen). The flow cytometric analysis was performed to evaluate cytokine expression using a FACScan™ instrument (Becton Dickinson, San Jose, CA, USA). Nonspecific staining with the isotype-matched control monoclonal antibody was <1%.
Plasma Osteopontin Measurement
The remaining 1.5-ml blood sample containing EDTA was used for analyzing plasma osteopontin levels by ELISA (Immuno-Biological Laboratories, Fujioka, Japan). Plasma samples were immediately stored at -80°C until analysis. The ELISA kit was recently developed, based on the method reported by Kon et al, 17 and it measures the total concentration of phosphorylated and nonphosphorylated forms of osteopontin in plasma. The intra-and inter-assay coefficients of variation for this kit were 6.8% and 13.3%, respectively. The normal (mean ± SD) value for plasma osteopontin level measured in our laboratory (n=20) was 556±173 ng/ml.
Statistical Analysis
All data are given as mean ± SD, but the data for triglycerides and BNP are shown as a median value (10-90 th percentile range). The comparisons of continuous data among the 4 patient groups were performed with 1-way ANOVA followed by Scheffé's test. The comparisons of continuous data between 2 patient groups were performed with unpaired t-test. The comparisons of osteopontin, CRP and BNP data among the 4 patient groups were performed using the Kruskal-Wallis test followed by the Dunnett procedure. The comparisons of osteopontin, CRP and BNP data between 2 patient groups were performed using Mann-Whitney's U-test. Frequency data among the 4 or 2 patient groups were compared using the 2 test. Linear regression analysis was used to determine the correlation between 2 variables. Pvalues <0.05 were considered to be statistically significant.
Results
Patient Characteristics
The 93 patients with heart disease were classified into 3 NYHA classes: 30 patients were in NYHA class I, 31 in class II, and 32 in class III/IV.
The clinical characteristics of the study subjects are shown in Table 1 . There were no significant differences in gender, age, and coronary risk factors between the 2 study subject groups. Heart rate was the highest in patients in NYHA class III/ IV (Table 2 ) and blood pressure was lowest in patients with NYHA class II. LVEF was significantly lower in patients in NYHA classes I, II and III/IV than in the controls (class I vs controls: p=0.0164; class II vs controls: p<0.0001; class III/ IV vs controls: p<0.0001). LVEF tended to be reduced in patients in NYHA classes II and III/IV compared with patients in NYHA class I. There was no significant difference in LVEF between patients in NYHA class II and those in NYHA class III/IV. The BNP levels were the highest in patients in NYHA class III/IV and were significantly higher in patients in NYHA classes I and II than in controls (p< 0.001). Moreover, each group had significant differences in plasma BNP levels.
Assessment of Osteopontin Levels
The plasma osteopontin levels (ng/ml) were significantly increased in patients with HF compared with controls (800±554 vs 575±229, p=0.016) ( Table 1 ). The plasma osteopontin levels (ng/ml) were the highest in patients in NYHA class III/IV (Fig 1) . The plasma osteopontin levels (ng/ml) in patients in NYHA classes II (787±499, p=0.034) and III/IV (997±707, p=0.0008) were higher than those in controls (604±253) (Fig 1) . There was no significant deference in the plasma osteopontin levels of patients in NYHA I (604±253) and the controls. The plasma osteopontin levels in patients in NYHA classes II (p=0.049) and III/IV (p=0.002) were higher than those in patients in NYHA class I (Fig 1) .
Frequency of Osteopontin-Expressing T Cells
We examined the frequency of osteopontin-expressing CD4 + T cells among the T cells by flow cytometry. The frequency of osteopontin-expressing CD4 + T cells (%) were significantly increased in patients with HF compared with controls (27.3±12.2 vs 16.7±10.0, p<0.0001) ( Table 1 ). The frequency of osteopontin-expressing CD4 + T cells (%) was the highest in patients in NYHA class III/IV (Fig 2) . The frequencies of osteopontin-expressing CD4 + T cells (%) in patients in NYHA class I (25.7±11.7, p=0.003), NYHA class II (26.3±13.0, p=0.008) and NYHA class III/IV (29.9± 12.2, p <0.0001) were higher than in the controls (16.7± 10.0) (Fig 2) . The frequencies of osteopontin-expressing CD4 + T cells in patients in NYHA classes II and III/IV were higher than in patients in NYHA class I (Fig 2) , but not significantly.
Relationship Among the 4 Markers
The log plasma osteopontin levels did not correlate with the frequency of osteopontin-expressing CD4 + T cells, but were significantly and positively correlated with the log plasma BNP levels (r=0.335, p=0.0002, Fig 
Assessment of hs-CRP Levels
The serum hs-CRP levels (mg/dl) tended to be increased in patients with HF compared with controls (0.64±1.26 vs 0.20±0.31, p=0.061) ( Table 1 ). The hs-CRP levels were the highest in patients in NYHA class III/IV (Fig 4) . The hs-CRP levels (mg/dl) in patients in III/IV (0.99±1.8) were higher than those in controls (0.20±0.31, p=0.002) and in patients in NYHA class I (0.45±0.92, p=0.012) (Fig 4) . There was no significant deference in the hs-CRP levels (mg/dl) among the patients in NYHA classes I and II (0.41±0.56) and controls. The log hs-CRP levels were positively correlated with the frequencies of osteopontin-expressing CD4 + T cells (r=0.302, p=0.0028), but not significantly correlated with log plasma osteopontin levels, or log plasma BNP levels, or LVEF.
Discussion
To the best of our knowledge, this study is the first clinical analysis of plasma osteopontin levels and osteopontin expression by T cell in patients with HF. The present study provides clinical evidence that plasma osteopontin levels and the frequency of osteopontin-expressing CD4 + T cells change in association with NYHA functional class. Thus, the plasma osteopontin level or osteopontin-expressing T cells may be a clinically useful marker for HF. Devaux et al 18 qualitatively evaluated and counted cell adhesion molecules of tissue obtained at transplantation from patients with either myocarditis, chronic ischemic heart disease or dilated cardiomyopathy, and from controls. They demonstrated upregulation of cell adhesion molecules in human chronic HF and that it was independent of the cause of HF. Therefore, in the present study we used osteopontin, which is an adhesion molecule, as a marker for HF.
We and others have shown that BNP is predominantly secreted and released from the ventricles in proportion to the severity of LV dysfunction in patients with HF, and there is increasing evidence that BNP is a sensitive marker of the severity of HF. [19] [20] [21] [22] In the present study, plasma BNP levels significantly increased in proportion to the severity of the NYHA functional class. Both the log plasma osteopontin level and the frequency of osteopontin-expressing CD4 + T cells were significantly correlated with the log plasma BNP levels. These results suggest that factors and/or mechanisms involved in HF are associated with increased osteopontin expression. Recently, Stawowy et al examined the expression of osteopontin in myocardial biopsies obtained from patients with HF caused by dilated cardiomyopathy and compared it with that of patients with a normal LVEF. 23 The osteopontin expression of cardiomyocytes was higher in the former group. Their data are compatible with our finding that both the plasma osteopontin level and the frequency of osteopon- tin-expressing CD4 + T cells are increased in patients with HF compared with controls. In addition, statistical analysis revealed a significant correlation of increased osteopontin expression in cardiac myocytes with impaired LVEF in Stanomwy et al's data. In the present study, the frequency of osteopontin-expressing-CD4 + T cells, but not the plasma osteopontin level, was significantly correlated with LVEF. Damas et al 24 demonstrated that T cell in patients with HF showed enhanced expression of MIP-1 and GRO and that their corresponding receptors were expressed in cardiomyocytes, suggesting a potential for inflammatory interaction involving T-cell mediated mechanisms within the failing myocardium. A role for T cells in the promotion of myocardial failure is also supported by studies in animal models demonstrating T cell activation during cardiac injury and importantly, these T cells have been found to retain a memory response against cardiomyocytes, recognizing and killing these cells. 25 These facts may explain the reason why markers of failing myocardium, such as LVEF, are more strongly associated with the frequency of osteopontinexpressing CD4 + T cells than with the plasma osteopontin level.
It has been reported that osteopontin is released from the heart into the coronary circulation in patients with myocardial infarction 8 and that cardiomyocytes are an important source of osteopontin in LV hypertrophy. 2 We found CD4 + T cells to be a source of plasma osteopontin in HF. However, further study is needed to reveal what mechanisms in HF lead to osteopontin production from the myocardium or from circulating T cells.
In conclusion, we have demonstrated for the first time that both the osteopontin expression of circulating CD4 + T cells and the plasma osteopontin level increase in proportion to the severity of the NYHA functional class in patients with HF. Analyzing peripheral T-cell activation could represent a new target in the assessment or treatment of HF.
